Polyamine content and arginine decarboxylase activity of apical buds were measured to determine whether polyamines are required to prevent apical senescence in pea. Polyamines were assayed as dansyl derivatives which were separated by reverse phase high performance liquid chromatography and detected by fluorescence spectrophotometry. High polyamine concentrations were found in the vigorous apices of plants grown under a short day photoperiod during which senescence is delayed. As the apex senesced in long days, the amounts of polyamines per organ declined in parallel with decreases in the size of the apical bud. However, a decrease in polyamine concentration, due mainly to a change in spermidine, occurred at the time of marked reduction in bud size and growth rate, but not before the onset of the early symptoms of senescence. No correlation was found with arglnine decarboxylase. The results suggest polyamines may be required to support bud growth, but the photoperiodic mechanism which governs apical senescence of G2 peas does not exert control through polyamine metabolism.
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Under SD, G2 pea plants produce an indeterminant number of reproductive nodes (24) . Although these plants flower and produce fruits, apical senescence does not occur. Under LD, after flowering and during fruiting, the apical bud gradually gets smaller, senesces, and dies. Senescence symptoms appear during the development of the first fruits (1 1) and before their seeds reach their highest rate of growth (15) . The influence of LD can be overcome by moving LD plants to SD prior to senescence, and the effects of SD can be reversed by transferring SD plants to LD (24) .
The photoperiodic control of senescence of G2 peas is determined by dominant alleles at the Sn and Hr loci. Bioassays indicate that continued meristematic activity in the apex and the delay ofsenescence in SD is associated with enhanced gibberellin activity (10, 25) . In view ofthe relationship between photoperiod, gibberellins, and cell division, a role for polyamines in apical senescence also seemed possible. Polyamines are important growth factors in microorganisms, animals, and plants (4) . They are associated with rapidly growing tissues and their metabolism and accumulation are stimulated by plant hormones (5, 9, 29) . Polyamines have also been implicated as antisenescence agents in plants since they decrease with aging and senescence in leaves (2, 19) and inhibit processes associated with the senescence of excised plant tissues (1-3, 14, 17) . The Flores and Galston (12) . The derivatives were separated on C18
reverse phase column using a H20: methanol gradient increasing from 60 to 95% over 23 min (27 putrescine concentration at senescence in LD, the putrescine concentration at senescence was similar to the levels ofputrescine in the vigorous apices of LD plants at the pod elongation and prefloral stages of development.
Spermidine. The amount of spermidine in apices was correlated with bud size through most stages of development in SD and LD plants (Fig. 2C) . Under both photoperiods spermidine concentration increased in floral buds over the prefloral stage (Fig. 2D) . After flowering, spermidine concentration remained high in SD buds throughout development, but declined slightly in LD buds during the period of pod elongation, although not below the prefloral level. A sharp decline in spermidine concentration occurred in LD buds during pod filling and apical senescence.
Spermine. Spermine amount (Fig. 2E) Total Polyamines. The changes in total polyamines (putrescine + spermidine + spermine) per organ (Fig. 2G ) and in concentration (Fig. 2H) (Figs. 3 and 4) and arginine decarboxylase activity (Fig. 5) change significantly in apical buds 8 d after transfer from SD to LD (Fig. 3) but by 20 d the amounts had declined in correlation with decreased bud size. The concentration of spermine was not affected by the change in photoperiod (Fig. 4A) , while the spermidine concentration increased slightly (Fig. 4B) tissues (Fig. 6) (Fig. 6) . A further decline in fresh weights of both stipules and inner bud tissues occurred by stage 7 when senescence symptoms were very apparent. At this stage flowers were maturing close to the apex, and clamshell was very small and enclosing aborting flower buds. However, this stage was not as advanced as stage 5 in the first experiment, since the stipules of these buds showed no signs of yellowing and the clamshell was larger. Stipule 1 in Table I was used for polyamine analysis while stipule 2 was used for the ADC assay. The growth rates of the stipules showed a decrease between stages 4 or 5 and stage 7 (Table I) at the same time as their final size decreased (Fig. 6) . The growth rate of the oldest leaf, within the enclosing outer stipules of the apical bud, and the internode above the enclosing stipules, were variable and showed no distinct decline (Table I ). The decline in weight of the inner tissues of the apical bud must, therefore, have been caused primarily by other tissues that make up the apical bud.
Polyamines. In all cases the amount of the individual polyamines in the stipules and inner apical bud tissues (Fig. 7 , A, C, E) fell between stages 5 and 7 concomitant with the decline in tissue weight (Fig. 6 ), stipule growth rate (Table I) , and the development of most senescence symptoms, but before the loss of green coloration in the apical bud. As, however, the amount of polyamines in the inner apical tissues was low prior to the stage 5, an overall drop was not recorded until stage 7. In no case did the individual polyamine concentration in the inner bud tissues fall significantly below that present at some earlier stage (Fig. 7 B, D, F) . The putrescine concentration in both stipule and inner tissues remained almost constant (Fig.  7B) . A general decline in spermidine concentration at the inner apical tissues was apparent by stage 7 (Fig. 7D) (25) . In LD, as senescence occurred, the amounts of polyamines declined concomitant with a decrease in bud size. In the stipule, spermidine content decreased in parallel with the decline in stipule growth rate ( Fig. 7D (7) and putrescine may be important for osmotic balance (22) or responses to stress (13, 28) . Further, high spermidine/spermine ratios are associated with cells undergoing rapid proliferation while low ratios have been generally found in tissues with lower biosynthetic activity, and tissues undergoing differentiation or aging (26 (6, 20, 21 
